The control of circular jets has been studied extensively in the fluid dynamics literature. Most studies introduce an entrance pipe upstream of the nozzle outlet to straighten the flow. In this study, we studied the free jet emitted from a circular nozzle that converges with the entrance pipe. We identified the cause of the naturally occurring vortex ring at the beginning of the jet, and we designed a mechanical intervention that suppresses the vortex. This experiment was performed at Reynolds number Re = 1400-5600. In the experiment, the visualized jet cross section and the flow velocity measured by the hot-wire anemometer were processed with a fast Fourier transform to determine the frequency at which the vortex ring arises. The frequency of the naturally occurring vortex ring depends on acoustic resonance inside the nozzle and is affected by the length of the entrance pipe. Also, the generation frequency of the vortex ring did not increase linearly with Re, but instead increased in discrete steps.
(c)Re = 3000, entrance pipe A.
(e)Re = 4000, entrance pipe A.
(f)Re = 4000, entrance pipe B.
(g)Re = 5000, entrance pipe A.
(h)Re = 5000, entrance pipe B. 
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(e)Re = 5000, x/d = 2.5 Fig. 7 Frequency spectrum of Re = 2000, 3000, 4000, and 5000. The maximum peak value is fa, and fnh is calculated as fnh = 2 · fa. As shown in (b) and (c), at Re = 3000, the value of fa varies according to the position of x/d, and the vortex rings develop at multiple frequencies. fa: Frequency after the pairing of the vortex ring in the initial jet region.
表 1 より概ね St θ = 0.012 ~ 0.018 となっており，他の研究者と同等の値 (Gutmark and Ho, 1983 る直前の Re = 2800, 3600, 4600 での St θ は，f nh の値が概ね一定となる範囲（Re = 2400 ~ 2800, 3200 ~ 3600, 4000 ~ 4600）で最低値を示す． (c)Re = 5000, without acoustic material.
(d)Re = 5000, with acoustic material.
(e)Re = 8000, without acoustic material.
(f)Re = 8000, with acoustic material. Fig.16 xy-plane visualization of the jet at the entrance pipe A, with and without acoustic material. In the presence of an acoustic material, the vortex ring generated in the initial region of the jet flow is suppressed, and subsequently the vortex ring is generated downstream. The pressure fluctuation due to acoustic resonance is likely reduced by the acoustic material, whereas excitation of the flow inside the entrance pipe is suppressed. Fig.18 Axial nozzle velocity at the centerline Uc and turbulent energy uc' at entrance pipe A with Re = 5000, with and without acoustic material. With acoustic material installed, Uc decreases more slowly and jet diffusion is suppressed. Fig.17 Radial-direction nozzle velocity U and turbulent energy u' at the entrance pipe A with Re = 5000, with and without acoustic material installed. U at x/d = 0.1 is almost the same with and without acoustic material installed. Fig.19 Radial nozzle velocity U and turbulent energy u' in the range of x/d = 0.1-12 at the entrance pipe A with Re = 5000, with and without acoustic material installed. In the presence of the acoustic material, the vortex rings in the initial region of the jet flow occur downstream when compared to cases with no acoustic material. Therefore, the development process of the vortex ring differs based on the presence or absence of the acoustic material, and jet diffusion is suppressed in the presence of the acoustic material. 2932-2938.
